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Actuator materials convert input energy to

mechanical output energy. Electromagnetic actuation,

whether in motors, voice coils, or solenoids, has

dominated electrical actuator technology for most of

the last century. Other commercial actuator

technologies such as piezoelectrics have (although

important) generally been confined to niche

applications such as acoustics. Electromagnetic

actuation may, however, lose its dominance, as

several new actuator materials may compete directly

with electromagnetics in both performance and cost

for a wide range of applications.
^^"^^

Actuator material performance is typically

measured by a number of basic parameters including

strain, actuation stress, energy density (mechanical

output energy per stroke per imit volume or mass of

material), response time, and theoretical efficiency

(the efficiency obtained with ideal electronics).

Electromagnetic actuation, while not the best in any

of these measures ofperformance, is reasonably good

in all such measures. This suggests that good overall

performance is key to the wide applicability of an

actuator material.

Perhaps as a result of the rapid advancement of

polymer materials in the latter part of the 20th

century, many of the new actuator materials have

been polymers, specifically electroactive polymers.

One new polymer actuator approach with good
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overall performance is dielectric elastomers

(DEs)/^'^^ which consist of a polymer material

sandwiched between two compliant electrodes. The

electrodes can be made of a variety of compliant

conductive materials such as colloidal carbon in a

polymer binder. When a voltage difference is applied

between the electrodes, the electrostatic forces

resulting from the free charges squeeze and stretch

the polymer. This well-known phenomenon, Maxwell

stress, occurs with all insulators subject to an electric

field from deposited electrodesJ^^ However, in the

past Maxwell stress has generally been regarded as a

"nuisance" effect in polymers—too weak to provide

good actuation by itself With the development of

soft polymer thin films with high dielectric

breakdown strengths, this view is changing, and

several materials with exceptional overall

performance have been identified.

The actuator performance of dielectric

elastomers can be quite high, particularly with

respect to strain and energy density: acrylic

elastomers have demonstrated actuated strains of

over 200%, stresses of up to 7 MPa, and estimated

energy densities of over 3 J/g.^ ^ One silicone, NuSil's

CF19-2186, has demonstrated stresses of 3.0 MPa,

63% strain, response times of less than 1 ms, and

theoretical efficiencies of 80-90%.^^^

2. Theoretical Description

Figure 1 illustrates the principle of operation of

dielectric elastomers. As described above, the

electrostatic forces due to the electrodes' voltage

difference squeeze and stretch the film. The

squeezing and stretching modes are coupled in an

elastomer,^^^ with the effective compressive stress, p,

given by

p^SSoE^ = €€^{Vlzf , [1]

where e is the relative dielectric constant, is the

permittivity of free space (8.85 x 10"^^ F/m), E is the

applied electric field, V is the applied voltage, and z

is the film thickness. Strain is more difficult to

estimate because it depends on a variety of

parameters such as modulus and boundary

conditions. For low strains (< 20%), the thickness

strain, s., is given by 5, = -p/Y for a material with

constant modulus 7 and free boundary conditions.
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Fig. 1. Principle of operation of dielectric elastomer actuation.

Dielectric elastomers are closely related to

electrostrictive polymers such as irradiated P(VDF-

TrFE) and polyurethanes.^^'^^ Generally speaking,

most researchers use the term "electrostrictive

polymers" to imply the actuation principally involves

mechanisms other than Maxwell stress. It should be

noted, however, that all electrostrictive polymers

exhibit a component of Maxwell stress, and in many

cases contribute as much as 10-50% of the total

response/'^^

3. Experimental Methods

Typically, dielectric elastomers are fabricated

by conventional polymer fabrication techniques such

as spin coating and casting. Electrodes can be

deposited via spraying, screen printing, or

photolithography^^

Methods to test the performance of dielectric

elastomers have been investigated and are an ongoing

area of research. The large strains of the elastomer

films, their flexible nature, and the possibility of edge

arcing make measurement challenging. One method

of testing performance is to stretch the film on a

frame and pattern an electrode circle or line on a

small portion of the stretched film, as illustrated in

Figure 2. The active portion expands when voltage is

applied and the strain is easy to measure optically.

This "stretched film" method supports the film and

eliminates boundary arcing, although it introduces

boundary constraints. The stretched film technique

also allows one to test various prestrains, which have

been shown to dramatically increase the performance

of some dielectric elastomers.'^
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Fig. 2- Circular strain test and photo of acrylic dielectric elastomer.
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The boundary constraints in the stretched film

test can be modeled using finite element models with

nonlinear material properties.^^^'^^^ The finite element

modeling gives good results at smaller strains, but

even nonlinear finite element modeling may be

unsatisfactory at larger strains, particularly if creep or

viscoelastic effects are present. One way to address

this issue is to measure changes in boundary forces

rather than strains, as illustrated in Figure 3. The

drawback of this method is that it does not give strain

results; its advantage is that it can be applied to

virtually any material. Equation 1 can be used with

the force measurements and the parameter
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^^^^^^^^^^
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b^^" s So/ 2^ to predict the stress nsp ^ b V^. Figure 3

shows preliminary data obtained from an acrylic

elastomer (3M's VHB 4910), which fits a

dependence exceptionally well. The data indicates

that b is about 17% higher than the originally

estimated value, b^su which is not surprising since

small errors in measuring £* and z can cause

significantly larger errors in b. While the results do

not rule out the use of an electrostrictive mechanism

aside from the Maxwell stress, they suggest that

under the test conditions its contribution to the total

response is small.
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Fig. 3. Force test setup and example of experimental results from VHB 4910 acrylic and carbon grease

elastomers.
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4. Summary and Discussion

Dielectric elastomers are a new class of

actuator materials that have exhibited excellent

performance. From a materials viewpoint, the

challenge is to identify the key parameters at a

molecular level that contribute to good performance,

and to use this understanding to synthesize new

polymers with higher performance or other desirable

properties such as environmental tolerance. The

fabrication of the polymer-electrode structure is also

an area of interest, particularly as the technology is

scaled up for larger applications.

The description presented here considers only

the fundamental performance of the material.

Applications require functioning actuators as opposed

to actuator materials. Typical applications include

speakers, robot actuators, pumps, motors, linear

actuators, and many others. A wide variety of

dielectric elastomer actuators such as bimorphs,

unimorphs, diaphragms, rolls, and planar linear

actuators have been demonstrated.^^' Most of these

actuator designs use adaptations of approaches

previously developed for other materials such as

piezoelectrics. However, some novel actuator designs

have been developed that specifically exploit the

performance characteristics ofDE materials and yield

good results. ^^^^ Thus, beyond research in the material

and fabrication areas, much remains to be done in

developing actuator designs that can optimally

exploit the actuator properties ofDE materials.
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